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(54) NONAQUEOUS ELECTROLYTE SECONDARY CELL 



(57) A non-aqueous electrolyte secondary battery 

using composite particles for its negative electrode. 
In the composite particles , nucleus particles 
including at least one element selected from tin, 
silicon, and zinc as their constituent element are 
entirely or partiy covered with a solid solution or 
inter-metallic compound of said constituent element and 
at least one element selected from groups consisting of 
Group 2 elements, transition elements, and Group 12, 
Group 13, and Group 14 elements in the Periodic Table 
except for the constituent element of the nucleus 
particles and carbon. Further, the present invention is 
characterized in that the NMR signals of the lithium 
intercalated in the composite particles appear vvithin 
the range of -10 to 40 ppm with respect to lithium 
chloride and at least one signal appears within the 
range of -10 to 4 ppm 
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bescriptibn 

FIELD OF THE INVENTION 

[0001] The present invention relates to non-aqueous electrolyte secondary batteries, particularly to non-aqueous 
electrolyte secondary batteries (hereinafter referred to as "secondary batteries") with high energy density and 
improved electrochemical characteristics, such as charge/discharge capacity and cyde life, that are provided by the 
improved negative electrode material and non-aqueous electrolyte. 

BACKGROUND OF THE INVENTION 

[0002] High electromotive force and high energy density are featured by lithium secondary batteries recently 
used for such mobile communications equipment as personal digital assistants and mobile electronic apparatus , main 
power supply for the mobile electronic gears, small domestic power storage devices, and motor bicycles, electric 
vehicles, and hybrid cars using motors as their driving sources. 

[0003] Lithium ion secondary batteries using organic electrolytic solutions, carbon materials as their negative 
electrode active materials, and lithium-containing composite oxides as their positive electrode active materials 
^5 have higher energy density and more excellent low-temperature characteristics than secondary batteries using aqueous 
solutions. Moreover, without using lithium metals for their negative electrodes, lithium ion secondary batteries 
also have excellent cycle stabilrty and safety, thus rapidly becoming commercially practical. Lithium polymer 
batteries using electrolytes like macromolecular (polymer) gel containing organic electrolytic solutions are also 
being developed as a new battery family of thin and light type. 

[0004] When a lithium metal with high capacity is used as negative electrode material, dendrite-like deposition 
is formed on the negative electrode during charging. During repeated charge and discharge operations, the dendrite 
may penetrate the separator or polymer gel electrolyte, reach the positive electrode side and thus cause internal 
short circuits. Having a large specific surface area and thus high reactivity, the lithium deposition reacts v^^th 
the solvent, becomes inactive, and decreases the charge/discharge efficiency. This phenomenon increases the internal 
resistance of the battery and produces particles isolated from electronic conduction network, thus decreasing the 
25 charge/discharge efficiency of the battery. For these reasons, lithium secondary batteries using lithium metals as 
their negative electrode materials have problems of having low reliability and poor cycle life characteristics. 
[0005] At present, lithium secondary batteries use, for their negative electrodes, carbon materials capable of 
intercalating and de-intercalating lithium ions, and have become commercially available. Generally, since metal 
lithium does not deposit on a carbon negative electrode, it does not cause the problem of internal short circuits 
resulting from the production of dendrite. However, the theoretical capacity of graphite, one of carbon materials 
now in use, is 372 mAh/g, which is so small as one-tenth the theoretical capacity of pure Li metal. 
[0006] As other negative electrode materials, metallic and non-metallic pure elements that form compounds with 
lithium are known. For example, the composition formula of a compound of tin (Sn) , silicon (Si), or zinc (Zn) 
containing largest amount of lithium is expressed by Li 22^05, Li 22Si5, or LiZn, respectively. Within this composition 
range, generally, no metallic lithium deposits; therefore, there is no problem of internal short circuits caused by 
35 the formation of dendrite. The electrochemical capacities between these compounds and each of the pure elements are 
993 mAh/g, 4,199 mAh/g, and 410 mAh/g, respectively, alt of which are larger than that of graphite. 
[0007] Other compounds for negative electrode materials proposed include a nonferrous metal silicide consisting 
of transition elements disclosed in Japanese Patent Laid-Open Publication No. H07-240201, and a negative 
electrode material consisting of an inter-metallic compound containing at least one element selected from Group 4B 
elements, P, and Sb and having a crystal structure of one of CaF 2. AILiSi type disclosed in Japanese Patent 

Laid-Open Publication No.H09-63651. 

[0008] However, each of the aforementioned negative electrode materials with high capacity has the following 
problems. 

[0009] Generally, the negative electrode materials of metallic and non-metallic pure elements that form 
compounds with lithium exhibit poorer charge/discharge cycle characteristics than carbon negative electrode 
materials. This is probably because the negative electrode materials break by their volumetric expansion and shrinkage. 
[0010] Meanwhile, unlike the aforementioned pure elements , a negative electrode material that consists of a 
nonferrous metal silicide consisting of transition elements and an inter- metallic compound that contains at least 
one element selected from Group 4B elements, P, and Sb and has a crystal structure of one of CaF 2. ov AILiSi 
type are proposed as negative electrode materials with improved cycle life characteristics in Japanese Patent Laid- 
^ Open Publication No.H07-240201 and No.H09-63651, respectively. In Japanese Patent laid-Open Publication N0.HIO- 
208741 , the range of nuclear magnetic resonance (hereinafter abbreviated as NMR) signals of lithium intercalated in 
the negative electrode material is proposed. 

[0011] In the battery using the nonferrous metal silicide consisting of transition elements as the negative 
electrode material disclosed in Japanese Patent Laid-Open Publication No.H07-240201, while the discharge capacities 
55 at the first , fiftieth and hundredth cycles shown in its examples and a comparative example indicate that its 

charge/discharge cycle characteristics have been more improved than those of the lithium metal negative electrode 
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material . the discharge capacities have only increased by about 12 % at maximum compared with that of the natural 
graphite negative electrode material. 

[00^2] For the material disclosed in Japanese Patent Laid-Open Publication No.H09-63651 , its examples and 
comparative examples show that it has more improved charge/discharge cyde characteristics than the negative 
electrode material of L>Pb alloy and has higher discharge capacity than graphite. However, the battery considerably 
decreases its discharge capacity at 1 0 to 20 charge/discharge cycles and even with Mg ^^t is considered best, 

5 its capacity decreases to 70 % of its initial capacity after alx)ut 20 cycles. For this reason, this material is 
inferior in charge/discharge characteristics. 

[0013] For the material disclosed in Japanese Patent Laid-Open Publication No. H10-208741, NMR signals of the 
lithium intercalated in various alloys appear within the range of 5 to 40 ppm. By using this material, an electrode 
material with high energy density and excellent cycle life is proposed. However, as for the cycle life of the 
battery using this electrode material, its capacity decreases to 70 % of its maximum after 372 cycles even when 
LiCo02 is used for its positive electrode. 

[0014] The present invention addresses the aforementioned problems conventional t>atteries have. 
SUMMARY OF THE INVENTION 

15 [001 5] The negative electrode of the battery of the present invention is characterized by the use of composite 
particles. In the composite particles, nucleus particles containing at least one element selected from tin , silicon, 
and zinc as their primary constituent element are covered with a solid solution or inter-metallic compound of the 
elements constituting the nucleus particles and at least one element selected from groups consisting of Group 2 
elements, transition elements, and Group 12, Group 13, and Group 14 elements in the Periodic Table except for carbon 
and constituent element of the nucleus particles. Further , the negative electrode of the battery of the present 
invention is characterized in that NMR signals of the lithium intercalated in the negative electrode material appear 
within the range of -10 to 40 ppm with respect to lithium chloride as a reference and at least one NMR signal appears 
within the range of -10 to 4 ppm. In addition , the negative electrode of the battery of the present invention is 
characterized in that the above NMR signals with respect to lithium chloride as a reference appear within the range 
of -10 to 4 ppm and -10 to 20 ppm and the NMR signal strength appearing within the range of -10 to 4 ppm is 1 to 10 

25 times as strong as those appearing within the range of 10 to 20 ppm. 

[0016] With the aforementioned structure, non-aqueous electrolyte secondary batteries that address the problems 
of conventional batteries and have higher energy density and more excellent cycle characteristics can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0017] FIG.1 is a longitudinal section of a cylindrical battery of the present invention. 
PREFERRED EMBODIMENTS OF THE INVENTION 

[0018] The battery of the present invention has positive and negative electrodes capable of intercalating and de- 
35 intercalating lithium, a non-aqueous electrolytic solution and a separator or a solid electrolyte. 

[0019] The negative electrode material of the present invention uses composite particles in which nucleus 

particles comprising solid phase A are entirely or partly covered with solid phase B. 

[0020] Solid phase A includes of at least one element selected from tin, silicon, and zinc. 

[0021] Solid phase B includes a solid solution or an inter-metallic compound of at least one element selected 
40 from tin, silicon, and zinc and the other elements. The other elements constituting solid phase B comprise at least 

one element selected from groups consisting of Group 2 elements, transition elements, and Group 12, Group 13. and 

Group 14 elements in the periodic table except for the above constituent element and carbon. 

[0022] In the following, the above negative electrode material of the present invention is referred to as 

"composite particles". By using the above composite particles as negative electrode material, solid phase B inhibits 

the expansion and shrinkage caused by charge and discharge of solid phase A, and thus the negative electrode 

material with excellent charge/discharge cycle characteristics can be obtained. 

[0023] In the negative electrode material of the present invention, solid phase A is considered to mainly 
contribute to increase charge/discharge capacity because it contains at least one element selected from tin, silicon, 
and zinc that have high capacity. Solid phase B entirely or partly covering the nucleus particles consisting of 
solid phase A contributes to the improvement in charge/discharge cycle characteristics. The amount of lithium 
50 contained in solid phase B is generally smaller than that contained in the pure metal, solid solution, or inter- 
metallic compound. 

[0024] In other words, the negative electrode material used in the present invention is made of nucleus 
particles comprising at least one element selected from tin. silicon, and zinc that provide high capacity, and a 
solid solution or inter-metallic compound that is unlikely to pulverize and covers the nucleus particles. The solid 
solution or inter-metallic compound of the covering layer can restrain a change in the crystal structure of the 
nucleus particles, i.e. a large volumetric change, thus inhibiting the pulverization of the nucleus particles. 
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t0025] ' When the negative electrode materials react with lithium, lithium exists in the composite particles with 
covalent bonds or as Ions. The NMR signals of covalent bonded ^Li appear within the range of 10 to 20 ppm. The site 
in which covalent bonded lithium exists is hereinafter referred to as *'X site". The NMR signals of Ions appear within 
the range of -10 and 40 ppm. The site in which lithium ion exists is hereinafter referred to as "Y site", 
[0026] The Y site partly includes the signals related to irreversible factors. Such signals are generally found 
for negative electrodes of carbon materials, and seldom found for those of the present invention. 
^ [0027] As described above, when a large amount of reversible X and Y sites of lithium exist, high capacity and 

excellent cycle characteristics can be obtained. In other words, appearance of the NMR signals of ^Li within the range 
of -10 to 40 ppm and -10 to 4 ppm at the same time in a charged state show the existence of both X and Y sites. It 
was found that high capacity and excellent cycle characteristics can be attained in such a state. 
[0028] Moreover , it was found that higher capacity and more excellent cycle characteristics can be attained 
when the strength of signals appearing within the range of -10 to 4 ppm Indicating the existence of the Y site are 1 
to 10 times as strong as those of the signals appearing within the range of 10 to 20 ppm Indicating the existence of 
the X site. 

[0029] As described above, the present invention discriminates how lithium has been intercalated In the negative 
electrode material, i.e. as ions or covalent bonded, and determines the existence ratio using the NMR signals of ^Li to 
f^ provide the material with high capacity and excellent cycle characteristics. 

[0030] In other words, in order to exhibit high capacity and excellent cycle characteristics, the NMR signals of 
of the negative electrode material should appear within the range of -10 to 40 ppm and -10 to 4 ppm in a charged state. 
[0031] The NMR signals of ^Ll appearing within the range of -10 to 40 ppm shows the existence of ions and 
covalent bonded ^Li mixed. The NMR signals of ^Ll appearing within the range of -10 and 4 ppm shows the existence 
of lithium ions that provides high capacity. Moreover, when the signals appearing within the range of -10 to 4 ppm 
that indicates the existence of lithium ions are 1 to 10 times as strong as those appearing within the range of 10 
to 20 ppm that indicates the existence of covalent bonded lithium , much higher capacity can be attained. 
[0032] The positive and negative electrodes used for the present invention are made by applying the surface of a 
current collector with a layer of an electrode mixture. The mixture contains positive electrode active materials or 
25 the above negative electrode materials capable of electrochemically and reversibly intercalating and de- 
intercalating lithium ions together with a conductive material, binder, and the like. 

[0033] Next, producing methods of composite particles used as the negative electrode materials are described. 
[0034] One method of producing composite particles Includes: 

30 quenching and solidifying the melt containing each element constituting the composite particles in the 

composition ratios . using dry atomlzation. wet atomization, roll quenching, rotating electrode method, and other 

methods; and 

heat-treating the solidified material at a temperature lower than the solid line temperature of the solid 
solution or inter-metallic compound. The solid line temperature is determined by the composition ratio. 

35 

[0035] Quenching and solidifying the melt allows particles of solid phase A to deposit as the nucleus of the 
particles and solid phase B to deposit so as to entirely or partly cover the particles of solid phase A. Thereafter, 
heat treatment can improve the homogeneity of each of the solid phases A and B. Even when the above heat treatment 
^ is not performed, composite particles appropriate for the present invention can be obtained. Another cooling method 
can be used on condition that it can sufficiently cool the melt at a high speed. 

[0036] Another production method is forming an layer comprising elements required for forming solid phase B over 
the surfaces of the powder of solid phase A, and heat-treating it at a temperature lower than the solid line 
temperature. This heat treatment allows component elements in solid phase A to diffuse toward the layer and to form 
solid phase B as a covering layer. The layer is formed using plating, mechanical alloying, or other method. The 
mechanical alloying method does not require heat treatment. Any method capable of forming the layer can be used. 
[0037] Conductive materials for the negative electrodes can be any electronic conductive materials. Examples of 
such materials include: graphite materials including natural graphite (scale-like graphite) , artificial graphite, 
and expanded graphite; carbon black materials such as acetylene black, high-structure carbon black typified by 
Ketzen black, channel black, furnace black, lamp black and thermal black; conductive fibers such as carbon fibers 
and metal fibers; metal powders such as copper and nickel; and organic conductive materials such as polyphenylene 
derivatives. These materials can be used independentiy or in combination. Among these conductive materials, 
artificial graphite, acetylene black, and carbon fibers are especially preferable. 

[0038] The amount of conductive materials to be added is not specifically defined; however, 1 to 50 wt %, 
especially 1 to 30 wt %, of the negative electrode material is preferable. Having electronic conductivity in itself, 
the negative electrode material of the present invention (composite particles) can work as a battery electrode 
^ material without any additional conductive materials. Thus, more composite particles can be included in the 
electrode by the amount of conductive materials. 
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[b039] ' For binders for the negative electrodes, both thermoplastic resin and thermosetting resin can be used. 
Preferable binders for the present invention include the follov\^ng materials : polyethylene, polypropylene, 
polytetrafluoroethylene (PTFE). polyvinylidene fluoride (PVDF). styrene - butadiene rubber, a tetrafluoroethylene - 
hexafluoropropylene copolymer (FEP), a tetrafluoroethylene - perfluoroalkyt vinyl ether copolymer (PFA), a 
vinylidene fluoride - hexafluoropropylene copolymer, a vinylidene fluoride - chlorotrifluoroethylene copolymer, a 
ethylene - tetrafluoroethylene copolymer (ETFE resin), poly chlorotrifluoroethylene (PCTFE), a vinylidene fluoride - 

g pentafluoropropylene copolymer, a propylene - tetrafluoroethylene copolymer, a ethylene - chlorotrifluoroethylene 
copolymer (ECTFE), a vinylidene fluoride - hexafluoropropylene - tetrafluoroethylene copolymer, a vinylidene 
fluoride - perfluoromethyl vinyl ether - tetrafluoroethylene copolymer, an ethylene - acrylic acid copolymer or Its 
Na+ ion crosslinking body, an ethylene - methacrylic acid copolymer or its Na+ ion crosslinking body, an ethylene - 
methyl acrylate copolymer or its Na+ ion crosslinking body, and an ethylene - methyl methacrylate copolymer or its Na+ 
ion crosslinking body. These materials can be used independently or in combination. Preferable materials among these 

10 materials are styrene - butadiene rubber , polyvinylidene fluoride, an ethylene - acrylic acid copolymer or its Na+ 
ion crosslinking body, an ethylene - methacrylic acid copolymer or its Na+ ion crosslinking body, an ethylene - 
methyl acrylate copolymer or its Na+ ion crosslinking body, and an ethylene - methyl methacrylate copolymer or its 
Na+ ion crosslinking body. 

[0040] For current collectors for the negative electrodes, any electronic conductive material can be used on 
condition that it does not chemically change in the battery constructed. Examples of such materials include 
stainless steel, nickel, copper, titanium, carbon, and conductive resin as well as copper or stainless steel surface- 
treated with carbon, nickel, or titanium. Among these, copper and copper alloys are especially preferable. These 
materials can also be used after their surfaces have been oxidized. Desirably, the current collector is surface- 
treated to have roughened surface. The shapes of the current collector include a film, sheet, net, punched sheet, 
lath, porous body, foam, and formed and grouped fibers as well as a foil. The thickness is not specifically defined; 
20 however, collectors 1 to 500 pm thick are used. 

[0041] As positive electrode active materials, compounds containing lithium or containing no lithium can be 
used. Such compounds include Li fio02, Li^NIOj, LixMn02, Li xCOyNii.yOj, Ufio^Nl^.yO^, Li jjNi^.yMyO^, LixMn204, and 

^ '^Mn2^My04 (M is at least one of Na, Mg, Sc, Y, Mn. Fe, Co, Ni, Cu, Zn, Al, Cr, Pb, Sb and B, where x = 0-1 .2, Y 
= 0-0.9, z = 2.0-2.3). The above value x is the value before charging and discharging; thus it changes along with 
charging and discharging. Other usable positive electrode materials include transition metal chalcogenides, a 
vanadium oxide and its lithium compounds, a niobium oxide and its lithium compounds, a conjugate polymer using 
organic conductive materials, and shevril phase compounds. It is also possible to use a plurality of different 
positive electrode materials in combination. The average diameter of particles of the positive electrode active 
materials is not specifically defined; however, desirably it is 1-30pm. 

30 [0042] Conductive materials for the positive electrode can be any electronic conductive material on condition 
that it does not chemically change within the range of charge and discharge electric potentials of the positive 
electrode materials in use. Examples of such materials Include : graphite materials Including natural graphite 
(scale-like graphite) and artificial graphite; carbon black materials such as acetylene black, high-structure carbon 
black typified by Ketzen black, channel black, furnace black, lamp black and thermal black; conductive fibers such 
as carbon fibers and metal fibers; metal powders such as fluorinated carbon and aluminum; conductive whiskers such 
as a zinc oxide and potassium titanate; conductive metal oxides such as a titanium oxide; and organic conductive 
materials such as polyphenylene derivatives. These materials can be used independently or in combination. Among 
these conductive materials, artificial graphite and acetylene black are especially preferable. The amount of 
conductive materials to be added is not specifically defined; however. 1 to 50 wt %, especially 1 to 30 wt %, of the 
positive electrode material Is preferable. For carbon and graphite, 2 to 15 v^t % is especially preferable. 

^ [0043] For binders for the positive electrodes, both thermoplastic and thermosetting resins can be used. The 
aforementioned binders for the negative electrodes can preferably be used, and more preferable materials are PVDF 
and PTFE. 

[0044] For current collectors for the positive electrodes, any electronic conductive material can be used on 
condition that it does not chemically change within electric potentials in the range of charge and discharge of the 
positive electrode material in use. For example, the aforementioned current collectors for the negative electrode 

45 can preferably be used. The thickness is not specifically defined; however, collectors 1 to 500 pm thick are used. 
[0045] The electrode mixtures for the negative and positive electrode plates, can include filler, dispersant, 
ion conductor, pressure Intensifier and other various additives as well as a conductive material and binder. As the 
filler, any fibrous material that does not chemically change in the constructed battery can be used. Generally, 
olefinic polymers such as polypropylene and polyethylene and such fibers as glass fibers and carbon fibers are used. 

50 The amount of the filler to be added is not specifically defined; however, 0 to 30 % of the electrode mixture Is 
preferable. 

[0046] Preferably, the negative and positive electrodes are structured so that at least the surface made of the 
negative electrode mixture is opposite the surface made of the positive electrode mixture. 

[0047] The non-aqueous electrolytes used for the present invention are composed of non-aqueous solvents and 
lithium salts dissolved in the solvents. Examples of such non-aqueous solvents include : cyclic carbonates such as 
ethylene carbonate (EC), propylene carbonate (PC), butylene carbonate (BC), and vinylene carbonate (VC); acyclic 
carbonates such as dimethyl carbonate (DMC), diethyl carbonate (DEC), ethylmethyl carbonate (EMC), and dipropyl 
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carbonate (DPC); aliphatic carboxylates such as methyl formate, methyl acetate, methyl propionate, and ethyl 
propionate;' -y-lactones such as y-butyrolactone; acydic ethers such as 1,2 - dimethoxy ethane (DME), 1,2 - diethoxy 
ethane (DEE), and ethoxy methoxy ethane (EME); cyclic ethers such as tetrahydrofuran and 2 - methyl tetrahydrofuran; 
and non-protonic organic solvents such as dimethyl sulfoxide, 1,3 - dioxolane. formamide, acetamide, 
dimethyfformamlde, dioxolane. acetonltrile, propylnitrile, nrtromethane, ethyl monogllme, triester of phosphoric 
acid , trimethoxy methane, dioxolane derivatives, sulfolane, methylsulfolane, 1 ,3-dimethyl-2-imldazolidlnone, 3- 
methyt-2-oxazolidinone, propylene carbonate derivatives, tetrahydrofuran derivatives, ethyl ether, 1,3-propane 
saltane, anisole, dimethyl sulfoxide and N-methylpyrolidon. These solvents are used Independently or as a mixture of 
one, two or more solvents. Among these, mixtures of cyclic carbonate and acyclic carbonate, or mixtures of cyclic 
carbonate, acyclic carbonate and aliphatic carboxylate are especially preferable. 

[0048] Lithium salts dissolved into the above solvents include LiCIO 4, IJBF4 , LiPFe. LiAlCl4. LiSbFg, USCN, LiCI, 
IJCF3SO3, LiCF 3CO2. Li (CF 3802)2. LiAsF LIN(CF 3802)2. UB iqCIio. lithium salt of lower aliphatic carboxylic acid. 
LiCI, LiBr, Lil, chtoroboron lithium, 4-phenil boric acid, and an imide group. These lithium salts can be dissolved 
in the above non-aqueous solvents individually or in combination of two or more lithium salts to use as an 
electrolytic solution. It is especially preferable to include LiPFg in the electrolytic solution. 

[0049] Especially preferable non-aqueous electrolytes of the present invention includes at least EC and EMC, and 

as a supporting salt, LiPF g The amount of the electrolyte to be added to the battery is not specifically defined. 
^5 Considering the amount of the positive and negative electrode materials and the size of the battery, the required 

amount is used. The amount of the supporting electrolytes against the non-aqueous solvents is not specifically 

defined; however, 0.2 to 2 mol/l is preferable, and especially 0.5 to 1.5 mol/l is more preferable. 

[0050] Besides the electrolytic solutions, the following solid electrolytes can also be used. The solid 

electrolytes are classified into inorganic and organic ones. 
20 [0051] Well known inorganic solid electrolytes are lithium nitrides, lithium halides, and lithium oxides, and the 

like. Among them, Li 48104. Li 4Si04-UI-LiOH, xLi3P04-(1-x)Li48i04, Li 38183. U 3P04-IJ2S-8iS2 and phosphorus sulfide 

compounds can be used effectively. 

[0052] As the organic solid electrolytes, polymer materials such as polyethylene oxides, polypropylene oxides, 
polyphosphazene, polyaziridlne, polyethylene sulfides, polyvinyl alcohol, polyvinylidene fluorides, 
polyhexafluoropropylene and their derivatives, mixtures and complexes can effectively be used. 
[0053] Moreover, rt is effective to add other compounds to the electrolytic solution in order to improve 
discharge and charge/discharge characteristics. Such compounds include triethyl phosphite, triethanolamine, cyclic 
ethers, ethylene diamine, n-glime, pyridine, triamide hexaphosphate, nitrobenzene derivatives, crown ethers, 
quaternary ammonium salts, and ethylene glycol dialkyi ether. 

[0054] As separators, insulating micro-porous thin film having large ion permeability and predetermined 
^0 mechanical strength is used. Desirably, these separators have functions of closing their pores and increasing 

resistance above predetermined temperatures. In terms of resistance to organic solvents and hydrophobic properties, 
olefinic polymers such as polypropylene and polyethylene are used independentiy or in combination, or sheets and 
woven or non-woven fabrics made of glass fibers, and the like, are used. Desirably, the micro-porous separator has 
pores of a diameter that does not allow the positive or negative electrode material, binder, and conductive material 
liberated from the electrode sheets to pass. For example, pores 0.01 to 1 pm in diameter are preferable. Generally, 
separators 1 0 to 300 pm thick are used. The porosity of the separator is determined according to the permeability of 
electrons and ions, materials, and thickness. Generally, a porosity of 30 to 80 % is desirable. 
[0055] A battery with integrated porous separator and positive and negative electrodes can be constructed. The 
integrated positive and negative electrode mixtures contain a polymer material that absorbs and holds an organic 
electrolytic solution composed of a solvent and a lithium salt dissolved in the solvent. The separator is composed 
40 of a polymer absorbing and holding the organic electrolytic solution. In this case, any polymer material capable of 
absorbing and holding the organic electrolytic solution can be used. Especially, a vinylidene fluoride - 
hexafluoropropylene copolymer is preferable. 

[0056] The battery can be of any shape including a coin, button, sheet, lamination, cylinder, flat, square, and 
a large type used for an electric vehicle. 
45 [0057] The materials used for the batteries of the present invention are hereinafter described In detail. 
However, the present invention is not limited to these examples. 

[0058] The positive and negative electrodes used for the batteries of the present invention are made of current 
collectors coated with the mixtures. The mixtures are essentially include positive electrode active material and 
negative electrode material capable of electrochemically and reversibly intercalating and de-intercalating lithium 
ions, and conductive materials and binder. 
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Production of composite particles 



[0059] Table 1 shows the composition of solid phases A and B of the composite particles (single element, inter- 
metallic compound, and solid solution) used for the examples of the present invention, ratios of the elements at 
55 preparation, fusing temperatures, and solid line temperatures. 

[0060] Powder or a block of each element constituting composite particles was put into a crucible in the 
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composition ratio shown in Table 1. The materia! was fused at a temperature shown in Table 1 and quenched using the 
roil quenching method and solidified to obtain a solidified material. Sequentially, the solidified material was heat- 
treated in an inert atmosphere at a temperature about 10 to 50 °C lower than the solid line temperature shown in 
Table 1 for 20 hours. The heat-treated material was pulverized with a ball mill and classified with a sieve to 
obtain composite particles 45 pm or smaller in size. Electron microscope observations verified that these particles 
were made of particles of solid phase A entirely or partiy covered with particles of solid phase B. 
5 [0061] The structure of the batteries of the present invention is described v^ reference to specific examples 
of a cylindrical battery. 

Example 1 

[0062] FIG.1 shows a longitudinal section of the cylindrical battery of the present invention. Positive 

electrode plate 5 and negative electrode plate 6 are spirally wound via separator 7 and housed in battery case 1 . 
Positive electrode lead 5a is led out from the positive electrode plate 5 and connected to sealing plate 2. Negative 
electrode lead 6a is led out from negative electrode plate 6 and connected to the bottom of battery case 1 . 
[0063] Metals and alloys having electronic conductivity and resistance to organic electrolytic solutions can be 
used for the battery case and lead plate. For example, metals such as iron, nickel, titanium, chromium, molybdenum. 
iS copper, and aluminum, and their alloys are used. Stainless steel plates or processed Al-Mn alloy plates are 

especially preferable materials for the battery case, aluminum for the positive electrode lead, and nickel for the 
negative electrode lead. For the battery case, various kinds of engineering plastics and those in combination with 
metals can be used to reduce its weight. 

[0064] Insulating rings 8 are provided on the top and bottom of grouped electrode plates 4, respectively. The 
sealing plate can be used as a safety valve. Conventionally known various safety elements can be installed other 
than the safety valve. Such safety elements include a fuse, bimetal, and PTC device functioning as an overcurrent 
protection device. Other than the safety valve, notching the battery case, cracking the gasket, cracking the sealing 
plate, or breaking connection with the lead can also be used to prevent an increase in internal pressure of the 
battery case. A protection circuit capable of protecting from overcharge or overdischarge can be incorporated in a 
battery charger or provided independentiy. In addition, a system in which an increase in the internal pressure of 
25 the battery case breaks the current can be incorporated to eliminate overcharge. In this case, compounds capable of 
increasing the internal pressure can be contained in the electrode mixtures or electrolytes. Such compounds include 
carbonates such as LiaCOa, LiHCOa, NasCOa, NaHCOg, CaC03, and MgCOa. 

[0065] For welding the cap, battery case, sheet and lead, well-known methods (e.g. electric welding using direct 
or alternating current, laser welding, and ultrasonic welding) can be used. As the sealing materials for sealing the 
openings, conventionally known compounds and mixtures, such as asphalt, can be used. 
[0066] Negative electrode plate 6 was made by: 

mixing 20 wt % of carbon powder, 5 wt % of PVDF and 75 wt% of composite particles synthesized under the above 

conditions; 

35 dispersing the mixture in dehydrated N-methyl pyrrolidinone to prepare a slurry; 

coating the negative electrode current collector made of a copper foil with the slurry; and 
drying and then rolling it. 

40 

[0067] Positive electrode plate 5 was made by: 

mixing 10 wt % of carbon powder, 5 wt % of PVDF and 85 wt % of lithium cobaltate powder; 
45 dispersing the mixture in dehydrated N-methylpyrrolidinone to prepare a slurry; 

coating the positive electrode current collector made of a copper foil with the slurry; and 
drying and then rolling it 



30 



50 



55 



[0068] An electrolytic solution containing 1.5 mol/1 of LiPF § dissolved in a mixed solvent of EC and EMC in a 

volumetric ratio of EC:EMC = 1:1 was used. 

[0069] Thus, the batteries were made using the materials shown in Table 1 for their negative electrodes. The 
cylindrical batteries produced are 18 mm in diameter and 65 mm in height 

Comparative Example 1 
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[0070] *A battery using graphite for its negative electrode was produced in the same manner as Example 1 for 
comparison. 

[0071] After these batteries were charged at a constant current of 100 mA, they were discharged at a constant 
current of 100 mA to 2.0 V, Such charge/discharge cydes were repeated in an oven at a constant temperature of 20 
The charge/discharge cycles were repeated up to 400 times and the ratio of the discharge capacity at the 400th 
5 cyde to the initial discharge capacity was shown as a capacity retention rate in Table 2. 

[0072] In addition, NMR measurement was performed on the ^Li of the negative electrode materials in a 
charged state and the NMR signal of the intercalated lithium were measured with respect to the lithium chloride as 
a reference. Several NMR signals appeared within the range of -10 to 40 ppm. FIG. 2 shows the positions at which the 
signals appeared and the signal strength ratio of the NMR signals appearing within the range of -10 to 4 ppm to 
those appearing within the range of 10 to 20 ppm. Due to variations from lot to lot. the same material exhibited 
different signal positions and intensities. The NMR measuring conditions of the ^Li are as follows: 

Instrument INOVA400 (VARIAN Co.) 

Temperature: room temperature 

Measured nudear: ^Li 

Revolution of the samples: 10 kHz 

20 Reference Material: LiCl 1 M 



[0073] Table 2 shows the followings about batteries A to S using materials A to S as negative electrode materials. 
[0074] Even when the NMR signals of ^Li intercalated in the negative electrode materials appear vy^in the 
25 range of -1 0 to 40 ppm, 

(1) in the case where no signals appear within the range of -10 to 4 ppm and 

(2) in the case where all the signals appear in the magnetic field lower than 4 ppm. 

the capacity retention rates after 400 cycles are high; however, the initial capacities and the capacities after 
400 cycles are lower than those of battery T using the graphite negative electrode. 

[0075] In the case where the signals appear between the magnetic fields lower than 5 ppm and higher than -10 
ppm, the initial capacities are large but the capacity retention rates after 400 cycles are small and the discharge 
capacities after 400 cycles are smaller than that of battery T. 

35 [0076] Meanwhile , when the signals appear within the range of -1 0 to 40 ppm and at least one signal appears 
within the range of -10 to 4 ppm, the initial capacities are larger than that of battery T and the capacity 
retention rates after 400 cycles are 70 % or higher and the capacities after the cycles are larger than that of battery T. 
[0077] When the signal strength of the signals appearing within the range of -1 0 to 4 ppm indicating the ^Li mainly 
in the ionic state is 1 to 10 times as strong as the signal strength of the signals appearing within the range of 10 

40 to 20 ppm indicating the ^Li mainly covalent bonded , the capacities after 400 cycles are the largest. 

[0078] As mentioned above, when the NMR signals of lithium intercalated in the negative electrode materials 
appear within the range of -10 to 40 ppm with respect to lithium chloride as a reference and at least one NMR signal 
appears within the range of -10 to 4 ppm, a secondary battery with high capacity and excellent cycle characteristics 
can be obtained. Moreover . when the NMR signals of the lithium intercalated in the negative electrode materials 
appearing within the range of -10 to 4 ppm are 1 to 10 times as strong as those appearing within the range of 10 to 
20 ppm, a secondary battery with higher capacity and more excellent cycle characteristics can be obtained. 
[0079] Regarding the elements constituting negative electrode materials, when solid phase A is made of tin, Mg 
selected from Group 2 elements, Fe and Mo from transition elements, Zn and Cd from Group 12 elements, In from 
Group 13 elements, and Pb from Group 14 elements are used. However, using other elements In each Group could 
provide similar results. Solid phase A may include any element other than tin, including a trace amount of such 

50 elements as O, C, N, S. Ca, Mg, Al, Fe, W, V, Ti, Cu, Cr, Co, and P. 

[0080] Regarding the elements constituting negative electrode materials, when solid phase A is made of silicon, 
Mg selected from Group 2 elements, Co and Ni from transition elements, Zn from Group 12 elements. Al from Group 13 
elements, and Sn from Group 14 elements are used. However, using other elements in each Group can provide similar 
results. 

55 [0081] In addition, when solid phase A is made of zinc, Mg selected from Group 2 elements, Cu and V from 

transition elements, Cd from Group 12 elements. Al from Group 13 elements, and Ge from Group 14 elements are used. 
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fHowever, 'using other elements in each Group can provide similar results. 

[0082] * The composition ratios of the elements constituting the negative electrode materials are not specifically 
defitied. Any composition can be used on condition that the elements provide two phases so that one phase (solid 
phase A) essentially consists of tin, silicon, and zinc, and the other phase (solid phase B) entirely or partiy 
covers the surface of sofid phase A. Solid phase A may contain any element except each constituent element, for 
example, a trace amount of such elements as O, C, N, S, Ca, Mg, AI, Fe, W, V, Ti, Cu. Cr, Co. and P. 
5 [0083] As described above , a non-aqueous electrolyte secondary battery having higher capacity and more 
excellent cycle characteristics than conventional ones using carbon materials for their negative electrodes can be 
obtained, when the battery uses aforementioned composite particles composed of nucleus particles of solid phase A 
and solid phase B entirely or partly covering the solid phase A, and NMR signals of the lithium intercalated in the 
negative electrode material appear within the range of -10 to 40 ppm with respect to lithium chloride as a reference 
and at least one signal appears within the range of -10 to 4 ppm. Moreover , a non-aqueous electrolyte secondary 
battery v\flth higher capacity and more excellent cycle characteristics than conventional ones using carbon materials 
for their negative electrodes can be obtained when the NMR signals of the lithium intercalated in the negative 
electrode material appearing within the range of -10 to 4 ppm with respect to lithium chloride as a reference is 1 to 
10 times as strong as those appearing within the range of 10 to 20 ppm. 

^5 INDUSTRIAL APPLICABILITY 

[0084] The secondary battery using the composite particles for the negative electrode in accordance with the 
present invention has higher energy density and more effects on the improvement in charge/discharge cycle life 
characteristics than the conventional batteries using carbon materials for their negative electrodes. For this 
reason, the secondary battery of the present invention can be used for personal digital assistants, mobile 
20 electronic equipment, small domestic power storage devices, motor bicycles, electric vehicles, hybrid cars, and the 
like, thus providing great industrial effects. The uses of the secondary battery of the present invention are not 
limited to those described above, and can be used for any application requiring a secondary battery. 
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Reference Numerals 
[0085J 

1. battery case 

2. sealing plate 

3. insulating gasket 

4. electrode plate group 

5. positive electrode plate 
5a. positive electrode lead 

6. negative electrode 

6a. negative electrode lead 

7. separator 

20 8. insulating ring 

Claims 

1. A non-aqueous electrolyte secondary battery having a non-aqueous electrolyte , separator, and positive and 
25 negative electrodes capable of intercalating and de-intercalating lithium, said negative electrode including 

composite particles including at least one element selected from tin, silicon, or zinc as a constituent element 
thereof and at least one of: 

(a) a solid solution of said constituent element and at least one element selected from groups consisting of 
Group 2 elements, transition elements. Group 12, Group 13, and Group 14 elements in a Periodic Table except 
for said constituent element and carbon; and 

(b) an inter-metallic compound of said constituent element and at least one element selected from groups 
consisting of Group 2 elements, transition elements. Group 12, Group 13, and Group 14 elements in the 
Periodic Table except for said constituent element and carbon, 

35 

covering said particles entirely or partly, 

wherein NMR signals of lithium intercalated in said composite particles appear within the range of -10 to 40 
40 ppm with respect to lithium chloride as a reference and at least one signal appears within the range of -10 

to 4 ppm. 

2. A non-aqueous electrolyte secondary battery of claim 1 wherein a signal strength of said NMR signals appearing 
within the range of -10 to 4 ppm are 1 to 10 times of a NMR signal strength appearing within the range of 10 to 
20 ppm. 
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FIG. 1 
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